An understanding of the senses -vision, hearing, touch, chemical and other non-human senses -is important not only for many fields of biology but also in applied areas such as human computer interaction, robotics and computer games. Using information theory as a unifying framework, this is a wide-ranging survey of sensory systems, covering all known senses.
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Foreword
What are the commonalities of information gathering and processing in all living creatures? This is the implicit question that underpins Terry Bossomaier's ambitious book The Senses. His is a Herculean task and one to be greatly applauded. Bossomaier addresses the senses using the tools of contemporary information science, in an attempt to provide a unifying perspective, one that allows for quantitative comparison of senses between the species. This fascinates me. It is now nearly 35 years since Simon Laughlin, Doekele Stavenga and I introduced information theory to understand the design of eyes, both compound eyes of insects as well as the simple eyes of humans. We recognised that the fundamental limitations to resolving the power of eyes are the wave (diffraction) and particle (photon noise) nature of light. By appreciating their interrelation we derived insight into the design and limitations of eyes, especially between the optical image quality and the visual photoreceptor mosaic. The capacity of the eye to perceive its spatial environment was quantified by determining the number of different pictures that can be reconstructed by its array of visual cells. We were then able to decide on the best compromise between an animal's capacity for fine detail and contrast sensitivity. In a series of papers, including those with Bossomaier and A. Hughes, we went on to use the tools of information theory to study various aspects of eye design. It was a rewarding and rich endeavour, but one at that time limited to vision. Now, in this book you will read how Bossomaier significantly generalises these early applications of information theory and applies them to all the senses, not just to vision.
But, Bossomaier not only stresses the importance of information theory in sensory processing, he also stresses the importance of contextualising it to the animal's lifestyle. Indeed, as I have often emphasised, there is no single optimum design of any particular sense as physicists might like, but rather a variety of different solutions, each dictated by the animal's lifestyle within its environment. Two animals can share the same habitat, yet they can have radically different eyes. This realisation is made all the more transparent by comparative studies of many species besides humans. It is fascinating to learn how diverse animals adapt and make use of the physical properties of the environment, from the earth's magnetic field to the sky's polarisation, from heat, electricity and sound to the odours associated with chemicals and how these continue to inspire the implementation of sensory apparatus in man-made devices such as robots. Interestingly in this regard, it was the birefringent nature of the fly's visual photoreceptors that provided an early www.cambridge.org © in this web service Cambridge University Press Most importantly Bossomaier stresses that information is not passively collected by the senses, but instead is profoundly influenced by what the animal already knows and anticipates. So, animals perceive not only what they sense. Sensory detail can be modulated and even suppressed by higher level concepts. This remains a crucially important area of research and one which consumes my attention.
Indeed, over the last decade or so our thinking about the general strategy of sensory processing and the crucial role of top-down processing has been undergoing a paradigm shift. As Bossomaier says, 'Across many thousands of studies lies the assumption that information is processed sequentially, from sensors through to high level perception deep within the brain. Yet sensory systems abound in recurrent connections, which strongly suggest that the situation is far more complex. ' One of the most enjoyable aspects of the book is its comprehensive survey of the senses and the alluring accounts of the way they are adapted to remarkable advantage by animals. This no doubt is contributed to by the fact that Bossomaier approaches the subject from the left field, with both enthusiasm and receptivity to new ideas but admirably armed with the necessary scientific tools and panoramic knowledge of the senses to impart deep insight. 
